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Abstract 
Two different types of magnesium hydroxide namely, platy magnesium hydroxide (MH) and magnesium hydroxide sulfate 
hydrate (HMOS) whiskers were used to fill with Polypropylene (PP) in this study. Addition of MH and HMOS enhanced flame 
retardancy of PP, but the filler content needed to reach 40wt% loading. Either MH or HMOS reduced the mechanical properties 
of PP, due to the poor adhesion between PP matrix and filler in SEM observation. However, PP/HMOS composites showed 
higher tensile strength than PP/MH composites. 
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1. Introduction 
Polypropylene (PP) is a most common commodity plastic, which is of practical use in many areas, such as home 
appliances, automotive, construction, and other industrial applications. However, the poor flame resistance hinders 
its practical application in some fields. Compounding PP with halogen-free flame retardants, such as magnesium 
hydroxide (Mg(OH)2), has been of wide interest and it has been an effect way to improve the flame resistance of PP. 
However, the high loading (>50% by weight) required for adequate flame retardancy often lead to a marked 
deterioration in mechanical properties of the materials [1-7].  
Recently, inorganic whiskers as flame retardant additives are attracting more and more interests of researcher 
because they not only improve the flame retardancy of the filled polymers, but also improve their mechanical 
properties [8-10]. This is because the whiskers are short, fiber-shaped single crystals with high tensile strength 
owing to their nearly perfect microstructure [11-12]. 
Among the various whiskers, magnesium hydroxide sulfate hydrate (HMOS) whiskers, have been proved to be 
very suited as an additive for polymers, and they have been paid much attention since they are economically 
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attractive and environmental-friendly materials [13–16]. In this study, Two different types of magnesium hydroxide 
namely, platy magnesium hydroxide (MH) and magnesium hydroxide sulfate hydrate (HMOS) whiskers were used 
to fill with Polypropylene (PP). The effects of filler content on the flame retardancy and mechanical properties of 
the PP composites were studied.   
2. Experimental 
2.1. Materials
A commercial grade of iPP homopolymer (T30s) was supplied by MPCC (Guangdong, China) . MH was high 
purity grade (around 1.6~2.3ȝm), supplied by Foshan Jinge Firefighting materials Co. Magnesium hydroxide sulfate 
hydrate whisker (HMOS) with a size of diameter <1 ȝm and length >10 ȝm was provided by Yingkou Wisker 
Chemical Co. 
2.2. Preparation 
PP compounding with MH or MHS were prepared using a Berstoff ZE25 A corotating twin-screw extruder 
(L/D= 40, D= 35.5mm) with a temperature profile of 200/190/200/200/220/210/200 ƕC and a rotating speed of 250 
rpm. The compositions for PP/MH and PP/HMOS composites are shown in Table2-1 
Table2-1 Composition for preparation of PP/MH and PP/HMOS composites  
Sample PP wt% 
MH  
wt% 
Sample 
PP 
wt% 
HMOS 
wt% 
1 100 - 7 90 10 
2 90 10 8 80 20 
3 80 20 9 70 30 
4 70 30 10 60 40 
5 60 40 11 50 50 
6 50 50    
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2.3.  Characterization 
The phase morphology of both binary and ternary PP composites was observed by a JSM-6330F scanning 
electron microscope (SEM).All specimens were obtained by cryogenic fracture.     
Thermogravimetric analysis was carried out with a TA Q10 thermogravimetric analyzer using 4–5mg samples. 
The samples were heated from room temperature to 650 ƕC in a 50ml/min flow of N2 at scanning rate of 20 ƕC/min. 
According GB/T 2408-2008, horizontal burning test was carried out in the hood. a camera was used to record the 
combustion process . Before testing, all specimens were conditioned at 25 ƕC and 50% relative humidity for 3–5 
days. Tensile properties were characterized using a Hounsfield THE 10K-S testing machine accordingto ASTM D 
638. Charpy impact strength tests of notched specimens were carried out according to standard ISO 179-1993(E). 
Five samples were tested from each compound and the average results were recorded. 
3. Results and discussion 
3.1. Characterization of MH and HMOS whisker 
Figure 3-1 shows SEM micrographs of MH and HMOS whiskers. The micro-particles seen in Fig. 3-1(a) were 
MH. MH particles exhibit platy appearance with a diameter of 1ȝm, while HMOS whiskers exhibit fibrous 
appearance with a diameter of 1–3ȝm and an aspect ratio between 10 and 30, seen in Fig. 3-1 (b). 
   
(a)                                (b) 
Fig.3-1 SEM micrograph of MH (a) ×20000˗HMOS (b) ×2000 
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Figure 3-2 shows the TGA curves and DTG curves of MH particle and HMOS whisker, respectively. It can be 
seen that MH began to decompose at about 350 ̾C, and complete at 450 ̾C. The DTG curve of MH shows single 
peak with a peak temperature of 411̾C.  
MH decomposition process: 
Mg(OH)2 = MgO+H2O                                                                                ˄1˅ 
There were two distinct steps in the overall thermal decomposition process of HMOS whiskers. 
Two crystal water moieties were lost at the first step. Dehydration resulting in the formation of 5MgOgMgSO4 
occurred at the second step by losing five hydroxyl water molecules from the hydroxyl group. The experimental 
weight loss of the two steps was 8.2%, 19.2%, which was in agreement with theoretical values 8.07%, 20.18% 
respectively. 
HMOS whisker decomposition process [17]: 
Step I 
5Mg(OH)2gMgSO4g2H2O ė 5Mg(OH)2gMgSO4 +2H2O                  ˄2˅ 
Step II 
Mg(OH)2gMgSO4ė 5MgOgMgSO4 +5H2O                                          ˄3˅ 
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Fig.3-2 TGA and DTG curves of MH and HMOS at a heating rate of 20 /minć  
3.2. Fire performance 
It has been known that Mg (OH)2 acts as a flame retardant by absorbing heat from the system in a dehydration 
and evaporation process [18] . Through horizontal burning test, we can know the effect of MH and HMOS on flame 
retardancy of PP. It can be seen that pure PP can be easily ignited in air condition, and burn with melting PP 
dripping in the testˈseen in Fig 3.3. After extinguish, there was still melting PP dripping. Addition of 10wt%MH 
could not prevent the burning of PP, but little amount of carbon residue was found after extinguish. This would 
improve the flame retardancy of PP. With increasing MH amount, the burning rate of PP composites decreased 
gradually, but there was still melting PP dripping in the burning process. When the amount of MH reached to 
40wt%, the burning rate of PP composites decreased obviously, and no dripping appeared in the test. It is worthy 
noting that with MH content increasing, a large amount of black smoke appeared after fire extinguish.   
  
P  10-MH 20-MH 30-MH 40-MH 50-MH 
Dripped  Yes Yes Yes Yes No No 
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Fig.3-3 Flammability test of neat PP and PP/MH composites 
From figure 3.4, we can see that the burning process of PP/ HMOS composites is similar with that of  
PP/MH composites. Addition of HMOS whiskers can slow down the burning rate of PP, attributting to the 
cooling and diluting effect of the decomposed water. But with low filler content, it stiil can be seen melting PP 
dripping in buring process. The flame retardancy of PP was not improved obviously. When the content of HMOS 
whiskers reached to 40%, the burning rate of PP composites decreased obviously, and no dripping appeared in the 
test. It is similar with PP/MH composites. Differently, addition of HMOS whiskers suppressed the smoke producing 
effectively, indicating that the ability of smoke suppression of MgSO4.MgO complex is better than that of MgO 
alone. 
   
10-HMOS 20-HMOS 30-HMOS 40-HMOS 50-HMOS 
Dripped  Yes Yes Yes No No 
   
 
Fig.3-4 Flammability test of neat PP and PP/HMOS composites 
3.3. Mechanical properties 
Fig.3-5 presented tensile strength (a) and Impact strength (b) of PP/MH and PP/HMOS composites. From fig.3-
5a, we can see that addition of 5wt% MH or HMOS increases the tensile strength of PP. With increasing the amount 
of filler, the tensile strength of PP/MH composites and PP/HMOS composites both decreased. When the amount of 
filler increased to 50wt%, PP/MH (50/50) composite decreased to 31.8MPa, PP/HMOS composite decreased to 
37.5MPa. It can be seen that PP/HMOS composites show higher tensile strength than PP/MH, especially in high 
filler loading. That would attributed to higher L/D ratio and perfect microstructure of HMOS. 
Fig.3-5b showed the impact strength of PP/MH and PP/HMOS composite. Neat PP was brittle with a impact 
strength of 2.97 kJ/m2. The incorporation of MH particles increased the impact strength of PP and displayed a 
maximum of 3.34 kJ/m2 at PP/MH(80/20) composite. With increasing the amount of MH, the impact strength of 
PP/MH composites decreased gradually. When the amount of MH reached to 50%, the impact strength was lower 
than that of neat PP. The similar situation was also found in PP/HMOS composites. PP/HMOS (70/30) composite 
showed the highest impact strength of 3.44kJ/m2. but the impact strength of PP/HMOS (50/50) composite was still 
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lower than that of neat PP. It further indicated that high loading of inorganic filler would deteriorate mechanical 
properties of PP/filler composite.  
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Fig.3-5 Tensile strength (a) and Impact strength (b) of PP/MH and PP/HMOS composites 
Fig. 3-6 showed an impact-fractured surface of PP/MH and PP/HMOS composites. The SEM micrograph showed 
that PP was the continuous matrix in which the MH particles were dispersed. Obviously the dispersion of MH 
particles was less uniform. With increasing the amount of MH, Some of the MH particles agglomerate together, 
especially in PP/MH (50/50) composite. According to Fig.3-6, we can find some HMOS whiskers in the fracture 
surface of PP/HMOS composites. These whiskers agglomerate together with increasing the amount of HMOS. Both 
PP/MH and PP/HMOS composites show poor compatibility between PP matrix and inorganic particles, which 
would resulted in decreasing impact strength. 
 
Fig.3-6 SEM micrographs of impact-fractured surfaces of PP/MH and PP/HMOS composites viewed under ×1000 magnification 
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4. Conclusion 
The mechanical properties and fire performance of PP/MH and PP/HMOS composites have been investigated. It 
has been found that both HMOS whiskers and MH could improve the flammability properties of PP. Excellent flame 
retardancy needs high filler loading, which would deteriorate the mechanical properties of PP. Compared to PP/MH 
composites, PP/HMOS composites showed higher tensile strength at same filler loading.   
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